Photographic spectra have been obtained in the grazing-incidence region from a position on the quiet solar disk and from a region just above the visible limb. The payload, which was launched on a Sun-stabilized Skylark rocket, contained three grazing-incidence spectrographs, each illuminated by a two-component grazing-incidence telescope mirror. One of these, which was viewing the limb spectrum, was fitted with a fine-alignment servo system to stabilize the image. A careful intensity calibration will enable the data to be analysed in terms of limb/disk intensity ratios, and absolute intensities. The present paper presents a full identification of the spectra, which includes a number of intersystem transitions, notably in iron ions.
I. INTRODUCTION
Observations of spectra in the normal incidence ultra-violet region, from limited areas on the Sun's disk and above the limb, have been the object of a series of experiments carried out by the Culham Group using payloads launched on Skylark rockets (Burton, Ridgeley & Wilson 1967; Burton & Ridgeley 1970; Burton et aL 1971; Ridgeley & Burton 1972; Burton et aL 1973) . These experiments have yielded, in addition to basic data on the solar spectrum, measurements of the height of emission of various lines in the solar atmosphere. These have been used to determine the temperature/height structure of the atmosphere. Since most of the lines observed in the normal incidence region are formed at temperatures below 3 x io 5 K, structure above this temperature is not well determined by these measurements. The prime objective of the present experiment is to extend the measurement of limb/disk line intensity ratios to shorter wavelengths in the grazing-incidence spectral region, and thereby to the hotter zones of the solar atmosphere in the upper transition region and lower corona. A secondary objective is to determine the absolute intensity of the quiet disk spectrum to give a structural model. The instrumentation allows XUV images of selected areas of the Sun to be stabilized on the slits of three grazing-incidence spectrographs, two of which record quiet disk spectra, while the third records the spectrum from a region above the solar limb. The present paper describes the experiment, which was launched successfully in March 1973, and contains a description of the data obtained. The analysis of the limb/disk intensity ratios in terms of the solar atmospheric structure will be the subject of a later publication. Skylark SL 1004 was launched from Woomera, South Australia at 04.15 UT on 1973 March 14. The vehicle was attitude stabilized (Cope 1964) to point at the Sun and reached an altitude of 225 km. The experiment observations commenced at a height of 170 km and continued through apogee until 170 km on the descent stage. Solar XUV spectra were recorded photographically on Kodak 101-01 emulsion and were recovered together with the experiment instrumentation by parachute.
INSTRUMENTATION

Payload
The experiment payload consisted of three grazing-incidence spectrographs, each preceded by a grazing-incidence telescope mirror which imaged the solar disk onto the entrance slit. The instruments, which were calibrated photometrically before flight, recorded spectra on photographic film within the wavelength range 150-870 Â, the film being stored in cassettes which were operated in flight to make two exposures each, one of 40 s and one of 160 s duration. Two of the instruments recorded spectra from a discrete part of the quiet solar disk. The other instrument recorded the spectrum from the solar limb. The ± 2 arcmin lateral pointing capability of the vehicle attitude control unit, combined with the ± 1 degree roll stability, was adequate for image stabilization on the two disk instruments and also for the limb instrument in the direction along the spectrograph slit. In the direction across the slit the limb image was stabilized to a few arcseconds, by means of a linear motion of the telescope mirror, transverse to the optical axis. This used a new type of error detector and fine alignment single axis servo system developed for this experiment.
Because of the large wavelength coverage required in the experiment it was necessary to employ two instruments to record the disk spectrum. To cover this range with one instrument only would require an unfiltered entrance slit. This leads to scattered light problems resulting from the intense longer wavelengths which also enter the spectrograph when the disk is imaged directly onto the slit. Previous experience gained from earlier solar grazing-incidence experiments (Freeman & Jones 1970) flown by this Laboratory had shown that it was extremely difficult, when using a i-m radius grating, to record a spectrum free of background at a wavelength as short as 150 Â, unless a filter was used over the entrance slit to discriminate against the longer ultra-violet and visible wavelengths. The earlier experiments had shown, however, that spectra could be recorded without using a filter and with an acceptable background level, if the film cassette was moved around the Rowland circle to put the lower wavelength end of the film at ~ A 300 Â. This is because the light scattered from the grating shows a preferential distribution adjacent to the zero order image direction. In this experiment the No. 2 (Disk) spectrograph recorded the spectrum from 150 to 370 Â through a thin aluminium filter placed over the entrance slit, and the No. 3 (Disk) spectrograph covered the range from 350 to 870 Â with no filter over the slit. The No. 1 (Limb) instrument covered the complete wavelength range from 150 to 870 Â without a slit filter. This was possible because the slit was positioned above the visible solar limb and thus did not observe the intense photospheric spectrum.
In-flight information on image position and stability was obtained by using small cine cameras, operating at approximately one frame per second, to photograph the images on the limb and No. 3 (Disk) slits throughout the observational period of the flight. Additional pointing information for the limb instrument was No. 3, 1974 Observations of the solar spectrum 545 obtained from telemetry of the servo error detector signals and also from a silicon phototransistor monitoring the grating zero order image intensity, both these quantities being a sensitive function of position near the solar limb. A similar detector on the No. 2 (Disk) instrument was used to indicate, by the absence of a signal, that the thin aluminium filter over the entrance slit had remained intact during the severe vibrations of the launch phase; this knowledge being important prior to processing the film. The instrumentation was supported on a cast magnesium alloy structure which was enclosed within and thermally insulated from the parallel body sections of a Skylark sounding rocket. A bulkhead at the rear of the payload separated the spectroscopic instrumentation from the electronic assemblies required to drive the servo and other experiment functions. The twin-axis sensor, controlling the vehicle stabilization unit, and a target eye, which operated to energize the limb instrument mirror servo after solar acquisition by the vehicle system, were mounted rigidly on a surface at the front end of the instrument support casting. The complete experimental section was enclosed by a forward closure plate carrying a shutter system which served to maintain a clean environment within the instruments. The shutters were opened in flight to allow solar beam access. Plate I shows a cut-away view of the payload with the principal features indicated.
The optical systems
An image of the Sun 2-62 mm in diameter is formed in the entrance slit plane of each spectrograph by a two-component grazing-incidence mirror. A double rather than single mirror surface is employed to obtain good spatial resolution over the full solar diameter. The arrangement of the two surfaces is illustrated in Fig. 1 . F\ is the focus of the paraboloid and F\ and F^ are the hyperboloid foci. Paraxial light striking the internal paraboloid surface is reflected towards ii, intercepted by the hyperboloid, and reflected into the point F^. Because of the need to fill the grating aperture only a section of a complete figure of revolution about the optic axis is used, in contrast to previous Wolter Type 1 mirror systems (Wolter 1952; Giacconi ¿i aeZ. 1969) .
The mirrors were manufactured from fused silica by IC Optical Systems, and the reflecting surfaces, which are inclined at a mean grazing-angle of approximately 5 degrees, have been left uncoated. The approximate dimensions in centimetres of the mirror system, given in relation to the coordinates of The mirror systems are masked down in use to a width of 13 mm in order to improve the resolution in the visible. This was done to optimize both the servo performance and the accuracy with which the position of the solar limb could be determined in relation to the entrance slit of the spectrometer during ground checks and in flight. This reduced mirror width is more than adequate to produce the maximum brightness in the dispersed spectrum and the length of the mirror system was sufficient to fill the aperture of the grating. The full width at half maximum intensity of the point spread function of the mirror systems has been measured to be 10 arcsec in the visible region and also at 54 6 Vol. i66 J, G. Firth et al.
wavelengths of 736 Â, 584 Â and 304 Â. Reflectivity measurements at the three XUV wavelengths give a constant reflectance figure of 0*64 for the two components of the system, indicating a reflectance of 0*8 for each surface. A full description of the mirror system and its performance has been submitted for publication elsewhere (Negus 1973) .
The spectrographs are of identical construction and were designed to enable each instrument to be optimized for a particular wavelength range by selecting the diffraction grating characteristics and by adjusting the positions of the grating and the film cassette along the Rowland circle. The cassettes are motor driven to make two exposures during the flight in order to increase the range of solar line intensities that can be recorded.
The ruled width of the gratings was matched to the aperture of the grazing incidence mirrors, and this resulted in the optimum width for the grating at 170 Â being exceeded by a factor of four, and at 800 Â by a factor of two. No significant loss in resolution was observed due to this, and the full width of the grating was used.
On the two disk instruments the slits were formed with non-adjustable blades of stainless steel, the slit width being pre-set to about o-oio mm before being installed in the spectrographs. Slit height limiting plates with defining apertures of 1 mm were used over each disk slit, and in the No. z (Disk) instrument this also acted as a filter mounting plate for a thin (t ^ 1000 Â) aluminium filter. The filter plate and the limiter plate were dowelled to their respective slit blades and this allowed the plates to be removed to facilitate focusing and positional adjustment of the image on each slit. On the limb instrument one side of the slit was formed by a stainless steel blade. The other side of the slit employed the edge of a specially shaped glass prism which also acted as the beam splitter in the error detector assembly of the grazing incidence mirror servo control system. The geometric width of the limb slit was o-oi6 mm and when the slit width was convoluted with the grazing incidence mirror image spread function the thickness of the layer observed at the limb of the Sun was approximately 20 arcsec, to include the transition region and the lower corona. The slit height was adjusted to be 3 mm to improve the signal characteristic from the grating zero order detector. The optical diagram of the limb instrument is shown in Fig. 2 . The disk instruments are similar but for the slit dimensions and the recorded wavelength range. The characteristics of all three instruments are summarized in Table I . A 15-in. diameter, parabolic collimator provided a parallel beam of light for setting the grazing-incidence mirror system and spectrometer in the correct position with respect to each other, and for adjusting each combined instrument in the payload support structure. The completed instruments were positioned in the support casting and aligned with respect to the reference face on which the vehicle twin axis sensors are mounted, and further tests were conducted with the complete system in full sunlight using a siderostat to provide a stable beam direction; these tests are described later.
Calibration
Absolute and relative calibrations of the three instruments were carried out using a pulsed 0-pinch source (Gabriel & Paget 1972) which, because of the extended nature of the source plasma, allowed the full grating and mirror aperture to be filled.
The absolute intensity calibration was carried out using the branching ratio technique (Boland, Jones & McWhirter 1968) . Lithium-like 2s-^p and transitions in O vi, N v and C iv, together with beryllium-like zp-^d and 3^-3^ transitions in C in, were used to calibrate the No. 2 (Disk) instrument at the wavelengths 150 Â, 209 Â, 312 Â and 574 Â prior to fitting the aluminium filter. The absolute intensity of the long wavelength transition was determined by use of an Ebert spectrometer calibrated against an NPL standard lamp. The Ebert spectrometer, equipped with a suitable optical system, and the flight instrument were arranged to view the same plasma volume, from opposite directions along the 0-pinch axis. Checks were made to establish that the plasma was optically thin, and that the components of the long wavelength lithium-like multiplets were in the ratio of their statistical weights.
The relative calibration consisted of calibrating instrument 1 against instrument 2 and subsequently instrument 2 against instrument 3. A separate determination was made of the aluminium filter transmission on instrument 2. It was not possible to view the source with two flight instruments simultaneously, therefore each instrument of a pair was used in strict rotation to obtain two exposures. A careful No. 3, 1974 Observations of the solar spectrum 549 pump-down and operating routine was adopted for the 0-pinch discharge to achieve the same plasma conditions for each exposure, and two Ebert spectrometers were used to monitor visible lines for repeatability during every exposure. A controlled film development procedure was followed. Adjacent pieces of film were cut from the roll for use in each pair of instruments and the relative calibration at a number of different wavelengths was found from the displacement of the respective y curves.
Image stabilization
The experiment required the observation of the transition region and the lower corona. This determined the position for the limb instrument slit to be situated 20 arcsec above the solar limb and also set the limits both for pointing bias and noise stability of ± 3 arcsec for the servo controlling the position of the grazing incidence mirror. In-flight variations of the image position due to vehicle pointing excursions were observed by a beam splitter and error detector assembly which generated error signals to energize the servo motor and drive the mirror to the null position. An important feature of this arrangement of error sensor is that the error signal is generated by positional changes of the actual image under observation. The effect of relative movement between error detector and entrance slit due to vibration, thermal or other causes is thus greatly decreased. The beam splitter comprised a red glass (Schott RGN9) prism, which also served as one blade of the spectrograph slit. A graticule evaporated onto the prism face allowed light to be transmitted through the prism from small opposing segments of the solar image as indicated in Fig. 3(a) . The beam paths through the prism and the arrangement of the photocell detectors is shown in Fig. 3(b) .
The single axis servo actuator was designed to make a precise movement of the mirror with negligible backlash. The mechanism employed a mirror holder mounted on linear roller bearings driven through a back-to-back recirculating ball screw by a d.c. torque motor. The actuator position was controlled during launch to protect the mechanism against large excursions due to the dynamic conditions. A full description of the error detector and servo performance is in preparation for publication elsewhere.
Pre-flight preparation
The positioning of the images on the three instruments was related to the vehicle pointing system by making the positional setting at zero error signal in both lateral axes of the vehicle twin-axis sensor. The payload was mounted on a two-axis rotary table and was illuminated by a 21-in. diameter beam from a siderostat mirror. Adjustments on the rotary table enabled the payload to be aligned on the Sun and the twin axis sensor signals to be reduced to zero. With the rotary table locked in this position the motor-driven siderostat maintained a stationary solar beam over long periods so that the three slit images could be inspected and positioned through slit viewing microscopes.
The slit on the limb instrument was positioned so that the convoluted slit width and mirror spread function included the transition region and the lower corona.
The two disk instrument slits were positioned to observe a quiet area of the Sun after reference to solar activity data supplied continuously throughout the preparation period by Carnarvon Observatory in Western Australia. The areas observed on the Sun by each of the disk slits agreed positionally to within 10 arcsec in each axis, the slits being set to be symmetrical about the north-south polar axis, at a solar latitude of approximately South 40 °. Plate II shows the solar H alpha map at -4 hr 33 min before the vehicle launch with the position of the disk slits indicated by the line in the southern hemisphere.
Scattered light tests were made prior to flight on each of the instruments flown without filters, i.e. Limb and No. 3 (Disk). The background fog on the limb instrument film was predicted to be zero on both flight exposures, and on the disk instrument film to be about density 0-5 on the longer (160 s) flight exposure.
3. DATA
Film processing
The payload was returned to the preparation laboratory at Woomera within 3 hr of landing.
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The processing of the flight films followed the procedures adopted during the instrument intensity calibration experiments. All films were processed singly. The film from instrument 1 (limb) and 2 (filtered disk) were developed for the standard time of 6 min; good spectra were recorded on each and the in-flight background fog level was zero. On the No. 3 (Disk) film some in-flight stray light effects had been predicted. The film was therefore cut along its length to separate the two exposures, the 40-s exposure was given normal development and the 160-s exposure was developed for 3 min only. The stray light effects on the longer exposure were a little more severe than had been predicted, but nevertheless a good spectrum containing some 76 spectral lines was evident.
Spectra
The spectra obtained are shown in Plate III. They cover the wavelength range from 140 to 870 Â, although most of the first order lines lie in the region 171-600 Â. Limb/disk intensity ratios will be available for lines formed over the temperature range 8xio
5 K to 4xio 6 K, and the results of their analysis will be published later.
The region from 171 to 600 Â has been observed on many previous occasions, but most of the spectra with good wavelength resolution have been obtained using the integrated light from the whole disk. Although the spectra are in general similar to those previously recorded it is now possible to examine the difference between quiet disk spectra and those from integrated emission. For example, the Sixi line at 303*32 Â which appears quite strongly in whole Sun spectra can be seen to be strongly limb-brightened compared with He 11 304 Â, and is relatively weak in the quiet disk spectra.
Wavelength measurement
The 160-s exposure from each instrument was measured twice on a Zeiss Abbé comparator, as a precaution against measurement errors. A computer program was used to fit standard wavelengths to the grating equation nX -¿(sin a-sin j3) with the nominal values entered for the radius, ruling number and angle of incidence of the grating. The program computed the position deviations from the theoretical curve and gave fit errors at each wavelength, and an iterative process reduced the fit errors to small values (<o*02 Â). The standard wavelengths employed were taken from a recent survey of the solar XUV spectrum by Fawcett (1973) . Table II gives the results from the three instruments. Column 1 lists the observed wavelengths and where the line is recorded by more than one instrument the wavelength is the average value of the measurements. Column 2 is the line identification (Fawcett 1973) and column 3 denotes the spectral order of the observation. A visual estimate of the line intensity was made on a scale 1 to 10, with intensity 10 assigned to the strongest line, and columns 4 to 6 give the relative intensity value for each line for the instrument by which it was recorded. The intensity scales apply only to the individual instruments and take no account of the relative instrument efficiencies. Intensity correlation between the spectra should not therefore be assumed.
Line identification
Most of the lines listed in Table II I  I  I  I  I  I  I  I  I  I  I  z  I  I   I  I  I  I  I  I  I  I  1  2  1  2  2  I  I  I  1  2  1  2  1  2  2  1  2  2  2  2  I  1  2  2  2  2  2  2  2  2 Order   3  2  2  3  3  3  3  3  2  2  3  2  2  3  3  3  2  3  3  3  3  3  3  2  3  3  3  3  3  3  3  3  1  3  2  4  4  3  3  3   2   3  3  2  2  2  1 in the ground configuration of Fe xn and Fe xiii, and their intensities related to those of the resonance lines may provide a means of measuring the electron density.
There are a few line identifications which need further comment. In previous spectra (Freeman & Jones 1970) , the line at 188-30 Â was resolved into two components of equal intensities at 188-22 Â and 188-29 Â, ^ longer wavelength member identified from Fawcett, Peacock & Cowan (1968) as Fe xi. Behring, Cohen & Feldman (1972) also resolved the line into the two components, at 188-22 and 188-30 Â, they, however, proposed the 188-22 Â line as the Fe xi transition, and in a recent compilation Fawcett (1973) also adopts this identification. The Fe xn line at 217-28 Â listed as a possible blend with 217-108 Â will not make a large contribution since although it broadens the line in the first order it is too weak to record when resolvable in the second order. The line at 244-9 ^ I s unlikely to be the zs-^p transition in C iv, since the zs-^p transition at 312-42 Â is absent. The line is more likely to be due to Fe ix (see below). The Al x line at 332-78 Â has only been seen clearly in limb spectra (Dupree & Reeves 1971) or in flare spectra (Purcell & Widing 1972) . There was a tentative report of it in early NRL spectra (Tousey et al. 1964) . The line only appears in the limb spectra because it is intrinsically weak owing to the low abundance of aluminium. The longer path length at the limb is needed to give an observable line.
The Fex 3^23jf) 52 P3/2-3^3i> 62 *5i/2 line has not been classified in laboratory spectra. However, Fawcett (1971) observes the 2 Pi/2-2 *S'i/2 line at 365-57 Â, and this leads to a wavelength of 345*75 Â for the 2 P3/2-2 *Si/2 line. This supports the earlier identification of the line at 345*8 Â (Jordan 1965) 
